The aim of this systematic review and meta-analysis was to synthesise the evidence relating to medication non-adherence and its association with health outcomes in people aged ≥50 years.
| INTRODUCTION
Medication adherence is defined as the process by which patients take their medication as prescribed, consisting of 3 main components: initiation, implementation and discontinuation. 1 Medication non-adherence includes non-initiation of treatment, suboptimal implementation of the regimen, or early discontinuation of treatment.
Medication non-adherence may represent a greater risk in older people, resulting in poorer health outcomes compared to younger cohorts. [2] [3] [4] [5] Drug-related factors, such as dosing regimen, side effects and polypharmacy, and patient-related factors, such as cognitive function, health literacy and multimorbidity, are barriers to medication adherence in this group. 6 Non-adherence may also be a product of age-related functional decline. 7 Middle-aged participants (50- 69 years) have been reported to be more adherent to their medication than both younger (<50 years) and older cohorts (≥70 years). 8, 9 In general, research to date on medication non-adherence has been disease-specific, assessing the impact of suboptimal adherence on surrogate health outcomes such as blood pressure, cholesterol levels and biological response. [10] [11] [12] As multimorbidity increases with age, a disease-specific perspective may not be appropriate for older cohorts. 13, 14 In 2002, a meta-analysis of the influence of adherence on health outcomes concluded that adherent people were nearly 3 times more likely to experience a positive treatment outcome than non-adherent people. 15 However, this meta-analysis was not limited to medication adherence, included surrogate outcomes, and did not provide an estimate specific to older people. A review of the barriers to good medication adherence in older people noted a lack of well-designed studies of adherence in this population and called for future research to assess clinical outcomes associated with non-adherence. 6 The aim of this systematic review and meta-analysis was to synthesise the evidence relating to medication non-adherence in people aged ≥50 years, and its association with health outcomes including healthcare utilisation, quality of life (QoL), mortality and clinical events.
| METHODS
This study was conducted and reported in accordance with the Preferred reporting items for systematic reviews and meta-analyses (PRISMA) statement (Table S1 ). 16 The protocol for this systematic review and meta-analysis was published on PROSPERO on 11 December 2017 (ID: CRD42017077264).
| Search strategy
Seven databases; PubMed, Embase, PsychoInfo, CinahlPlus, Web of Science, Scopus and the Cochrane library, were searched from inception through to February 2019 to identify studies meeting the inclusion criteria. Search strings were constructed using Boolean operators (AND, OR) and Medical Subject Headings and contained terms relating to medication adherence (such as medication adherence, compliance, persistence, treatment compliance etc.) combined with adherence measurement methods (electronic monitor*, medication event monitoring system*, MEMS, self-report, morisky medication adherence scale, mmas, medication adherence rating scale, MARS, pharmacy refill*, dispens*, pharmacy record*, pharmacy claim* OR MPR OR PDC) combined with terms relating to older people (aged, frail elderly, aged 80 and over, aging, elderly, geriatric*, veteran*, older, senior*). Apart from MESH headings, the title/abstract field function was used for search terms. In addition, the reference lists of included studies were hand-searched for relevant articles. The full search strategy for PubMed is provided in Table S2 .
| Inclusion criteria
We included observational studies that measured the association between medication (non-) adherence and health outcomes in adults aged ≥50 years including: I. Healthcare utilisation (hospitalisations, emergency department (ED) visits, physician office visits, outpatient visits).
II. QoL.

III. Mortality.
IV. Adverse clinical events (any clinically significant events that may impact on healthcare utilisation, mortality and QoL such as falls, fractures and myocardial infarction).
V. Depression.
Implementation and/or initiation medication (non-)adherence was measured objectively or through self-report in the included studies.
Objective measures such as the medication possession ratio (MPR) and proportion of days covered (PDC) with pharmacy refill claims data, electronic monitoring devices (MEMs) or pill count were included.
Self-report measures included validated self-reported questionnaires such as Morisky Medication Adherence Scale. 17, 18 Studies that measured the initiation and/or implementation phases of medication adherence were considered eligible. Studies published in a peer reviewed journal before February 2019 and report data from a primary study (not a review, or commentary) were included.
| Exclusion criteria
We excluded intervention-based studies with a control arm that received adherence support. Studies were excluded if the study population was aged <50 years. If the age range of the study population was not explicit, the author was contacted and a request was made for age stratified analyses, if feasible. Studies that reported the association between medication (non-)adherence and surrogate outcomes e. g. blood pressure, or cholesterol were excluded. Studies that solely measured the discontinuation phase of adherence were excluded as discontinuation is a time-to event phenomenon and outside the scope of this review. Non-English studies were excluded.
| Study selection
C.W. reviewed all abstracts retrieved from database searching for eligibility. A second reviewer (C.B. and S.T.) reviewed a 50% random sample of abstracts. Conflicts were resolved by a third reviewer (C. C.). C.W. screened all full texts and a second review (C.B., S.T., C.C. or M.C.) was carried out independently. Discussions were held until consensus on inclusion was reached.
| Data extraction
A data extraction form was developed by adapting the Cochrane good practice data extraction form. 19 The form was piloted by 3 reviewers (C.W., C.B. and M.C.) and included author, publication year, country, study design, participant characteristics, eligibility criteria, time period, type of medication, measures of adherence, measures of health outcomes, covariates, results, statistical methods, strengths and limitations, and conclusions. Data were extracted independently by C.W.
Authors were contacted and asked to provide additional data where necessary.
| Quality assessment
The Downs and Black scale was used to critically assess all eligible studies in a standardised way, including the measurement of adherence, study methodology and statistical analysis. 20 Checklist items that were too specific to intervention studies were removed (Table S3 ).
C.W. reviewed all included studies and a second reviewer (C.B., S.T., C.
C. or G.C.) completed an independent quality appraisal and the score was averaged. Studies were categorised into 3 groups: low (<50%), medium (50%-79%) and high (≥80%) quality. Random effects models were used to calculate pooled effect estimates for the association between medication non-adherence and the various outcome measures. 19 As the studies included in the analyses assessed adherence to different medications in varying populations and not all study results could be pooled, random effect models were constructed, using the Mantel-Haenszel approach. 19, 21 Overall estimates of the association between medication non-adherence and health outcomes are presented in forest plots. Funnel plot asymmetry was tested for using Egger's test for continuous outcomes and Harbord's test for dichotomous outcomes, if applicable. 19 Data were analysed using STATA v.14 (College Station, TX, USA).
| Synthesis of results
| RESULTS
| Study selection
Database searches identified 8188 unique results, of which 308 articles were selected for full-text review. Ninety-seven study authors were contacted for further details required for eligibility assessment and 41 replied. An additional 34 articles were identified from reference searching of articles included in review from data base searching (Table S4) , resulting in a total of 342 eligible full-texts. Sixty-six full text articles were selected for data extraction (Figure 1 ).
| Characteristics of included studies
The included studies focussed on a wide range of disease areas including pulmonary diseases, [22] [23] [24] osteoporosis, depression, [47] [48] [49] cardiovascular diseases, 50-75 Parkinson's disease, 76 epilepsy, 77 chronic kidney disease, 78 cancer 79,80 and diabetes mellitus. [81] [82] [83] [84] [85] Two studies did not measure disease-specific medication (non-)adherence. 4, 86 Thirty-six studies were specific to, or provided age stratified analysis for people aged ≥64 years, 4, 22, 30, 33, 34, 37, 41, [45] [46] [47] 49, 51, 54, 55, 58, 59, 61, 62, [65] [66] [67] [68] [69] [70] [71] 73, [76] [77] [78] [80] [81] [82] [83] [84] [85] [86] while the other 30 studies also included middle aged adults (≥50 years). [23] [24] [25] [26] [27] [28] [29] 31, 32, 35, 36, [38] [39] [40] [42] [43] [44] 48, 50, 52, 53, 56, 57, 60, 63, 64, 72, 74, 75, 79 Thirteen authors of the included texts were contacted via e-mail for further information, and 8 replied. In terms of adherence measurement, 54 studies measured medication (non-)adherence using pharmacy claims data 22 
| Quality assessment
Overall, 48 studies were determined to be high quality, 4 and 11 studies achieving low quality. 24, 46, 50, 52, 53, 56, 69, 70, [74] [75] [76] This was due to lack of detail on sampling or recruitment procedures or inclusion of specific populations only.
Most studies (n = 49) were rated as high quality with regards to confounding due to adequate adjustment, with 16 studies rated as medium quality 23, 24, 26, 29, 34, 43, 46, 49, 50, 54, 63, 76, 77, 79, 80, 85 and 1 study as low quality due to a lack of sufficient adjustment. 56 Exposure period was the same as the outcome measurement period in 9 studies measuring healthcare utilisation or adverse clinical outcomes (not censored at first incidence of event). 22, 28, 35, 39, 44, 50, 52, 53, 76 Most included studies utilised large pharmacoepidemiological administrative data sources allowing for sufficiently powered analyses. 25 
I. Healthcare utilisation
Results of individual studies measuring healthcare utilisation outcomes are presented in the supplementary material (Tables S9-S15).
| Hospitalisations
Twenty-three studies described the association between medication (non-)adherence and hospitalisations or length of hospital stay (LOS), either as an individual outcome, 22, 23, [26] [27] [28] 36, 38, 39, 42, 44, 47, 52, 53, 58, 70, 77, [82] [83] [84] [85] or as part of a composite outcome. 4, 61, 76 All-cause hospitalisation was an outcome in 7 studies, 4, 22, 42, 44, 53, 58, 77 whereas 13 studies reported disease-specific hospitalisations. 23, 38, 39, 47, 61, 70, 76, [82] [83] [84] [85] Five studies reported both outcomes. [26] [27] [28] 36, 52 Overall, most (n = 17)
showed an inverse relationship between optimal medication adherence and hospitalisations in adults ≥50 years (Table S9) . 27, 28, 36, 38, 44, 47, 52, 53, 58, 61, 70, 76, 77, [82] [83] [84] [85] Two studies reporting the association between adherence and LOS showed that good adherence was associated with reduced LOS. 22, 77 However, in the study analysing inhaled corticosteroid adherence, this relationship was not significant. 22 Two random effects meta-analyses were constructed for the association of medication non-adherence and hospitalisation. The first meta-analysis pooled data from 3 studies reporting all-cause hospitalisation as the outcome across 75,943 patients aged ≥55 years. 27, 58, 77 Odds ratios for the association between non-adherence (MPR < 0.80) to osteoporosis medications 27 and antiepileptic medications, 77 ≥55 years. 27, 82, 83 Bisphosphonate non-adherence and association with osteoporosis-related hospitalisations was reported in 1 study, 27 with antihypertensive nonadherence and association with diabetesspecific hospitalisations in the second study 82 and statin nonadherence and association with hospitalisation for major coronary events reported in the third study. 83 The pooled estimate for medication non-adherence and disease-specific hospitalisations did not reach statistical significance (adjusted OR 1.07, 95% CI 0.98,1.17, P = 0.14; Figure 2B ).
| ED visits
Eleven studies reported the association between medication (non-) adherence and ED visits, either as an individual outcome, 4, 22, 26, 27, 36, 42, 50, 52, 53, 77 or as part of a composite outcome (Table S10 ). 76 Four studies reported disease-specific ED visits. 26, 27, 50, 76 Some studies reported no significant increase in the number of ED visits as a result of non-adherence 22, 27 but others reported a significant increase in ED visits using MEMs, 50 or a significant decrease due to adherent behaviour. 36, 52, 53 Non-adherence to oral bisphosphonates was significantly associated with a reduced likelihood of osteoporosis-specific ED visits. 27 The number of all-cause ED visits was significantly higher in patients adherent to their oral bisphosphonate therapy but this was not the case for osteoporosisrelated ED visits. 26 There was no statistically significant relationship between adherence and all-cause ED visits in 3 studies. 4, 27, 77 Data were pooled for a random effects meta-analysis to estimate the association between medication non-adherence, measured using pharmacy refill claims (MPR < 0.80), and likelihood of an ED visit (ORs) from 2 studies ( Figure 3 ). 27 
| Physician visits
Four studies described the relationship between medication (non-) adherence and physician office visits (Table S11) . 22, 26, 42, 77 Non-adherence to inhaled corticosteroid therapy was associated with an increased number of physician office visits but this relationship was not significant. 22 Non-adherence to antiepileptic medication in adults aged ≥65 years was also associated with a significantly increased number of physician visits. 77 Non-adherence to bisphosphonate therapy was associated with significantly less disease-specific, but not allcause physician office visits. 26 Conversely, adherence to bisphosphonate therapy in another osteoporosis study was associated with an increased likelihood of experiencing at least 1 osteoporosis-related physician office visit. 42
| Outpatient services
Six studies reported the association between medication (non-)adherence and outpatient service utilisation; 5 as an individual outcome 26, 27, 36, 42, 77 and 1 as part of a composite outcome (Table   S12 ). 76 There was no clear relationship between adherence and outpatient utilisation across the studies. A random effects meta-analysis including 2 studies 27,36 of osteoporosis medication nonadherence indicated no significant relationship with all-cause outpatient utilisation (adjusted incidence rate ratio 1.09, 0.87-1.36, P = 0.46) and osteoporosis-specific outpatient utilisation (adjusted incidence rate ratio 1.08, 0.66-1.75, P = 0.12), respectively.
II. Quality of life
Six studies reported the association between medication (non-) adherence and QoL (Table S13) , 24, 29, 56, 57, 69, 74 and 5 of these studies specifically measured health-related QoL (HRQoL). 24, 29, 56, 69, 74 A significant relationship was observed in 2 studies involving older hypertensive patients. 69, 74 Raloxifene adherence was significantly correlated with HRQoL after 3 months of starting treatment for osteoporosis, but this relationship was not significant at 1 year. 29 Medication adherence was not significantly associated with respiratory specific HRQoL in a study of chronic obstructive pulmonary disease (COPD) patients, but this may have been due to the small sample size (n = 62). 24 Two studies compared the average HRQoL score across adherent and non-adherent patient groups. 56, 57 In the first study, atrial fibrillation patients adherent to rivaroxaban reporting significantly higher QoL scores overall and across all individual domains than non-adherent patients, 57 while, in the second study, good adherence to antihypertensive treatment was associated with higher HRQoL scores across all domains using the WHOQOL-BREF, but not with the death and intimacy sections of the WHOQOL-OLD. 56 
III. Mortality
Sixteen studies measured the association between medication (non-)adherence and mortality (Table S14) . 38 showed that adherence to statins demonstrated an inverse doseresponse effect regarding mortality risk. 60 Across 2 studies that measured the association between cardiovascular medication adherence and cardiovascular mortality, 1 found a significant relationship 64 while a non-significant association was observed in the other study. 66 Good adherence to metformin had a significant protective mortality effect when follow up was ≥4 years, but this relationship was not significant when participants were only followed up for <4 years. 81 In an Australian cohort, adherence to cardiovascular medications was not significantly associated with the composite outcome of death and cardiovascular events. 54 Two meta-analyses were conducted for the analysis of the association between adherence and mortality. The first meta-analysis combined results from 2 studies of patients aged ≥65 years on cardiovascular medications (statin group in Rasmussen et al.). 58, 78 Low medication adherence (measured categorically) was significantly associated with an increased risk of mortality in comparison to high adherence (PDC ≥ 80%; adjusted hazard ratio [HR] 1.24, 95% CI 1.14-1.35, P < .001; Figure 4A ). The second meta-analysis pooled adjusted hazard ratios in a random effects meta-analysis for the association between good medication adherence (dichotomously measured) from 5 studies including 246 168 patients aged ≥50 years. 38, 49, 75, 79, 80 The included studies analysed the relationship between antihypertensive, 75 Figure 4B ).
IV. Adverse clinical events
Twenty-eight studies reported on the association between medication (non-)adherence and adverse clinical events (Table S15) . 25 were reported in the other studies. Good adherence was associated with reduced fracture risk or number of fractures in 88% of the studies reporting fracture as an outcome. [25] [26] [27] [31] [32] [33] [34] 37, 38, 40, 41, 43, 45, 46, 67 However, fracture site analysed 34, 45, 46 affected the significance of this association, as did the type of antiosteoporotic therapy. 30, 34 High adherence to oral bisphosphonates used for secondary prevention was significantly associated with reduced risk of fractures in 1 study, but this relationship was not significant for primary prevention. 30 Older people who self-reported low adherence to their medications showed a 50% increased likelihood of experiencing a fall in comparison to peers reporting good adherence. 86 Higher adherence to alendronate (MPR > 50%) was associated with a significantly increased risk of osteonecrosis of the jaw in long term users. 35 
V. Depression
One study reported depression score as an outcome. Self-reported non-adherence to antidepressant medication was not significantly associated with depression severity score at 12 months, using the Montgomery-Åsberg Depression Rating Scale. 48 
| Risk of publication bias across studies
Due to each meta-analysis containing <10 studies, it was not possible to assess for publication bias by visual inspection of funnel plots. 19 
| DISCUSSION
This systematic review is the first to specifically examine the association between medication (non-)adherence and health outcomes in adults aged ≥50 years. The main findings of this review indicate that medication non-adherence has a significantly negative association with a range of important health outcomes in older people, specifically hospitalisation and mortality.
The results showed that non-adherent individuals aged ≥50 years have a 17% higher risk of having a hospitalisation due to any cause compared to those considered adherent, consistent with other reviews not specific to older people. [87] [88] [89] [90] [91] The previous disease-specific reviews only conducted qualitative synthesis of the evidence regarding adherence and hospitalisation risk. A COPD-specific review included 2 studies that reported an increase in hospitalisations with medication non-adherence. 87 One of the studies conducted a crosssectional analysis of the association between COPD implementation adherence (PDC ≥ 0.80) on hospitalisation rate and found adherent patients had a 10% lower rate of hospitalisations than their nonadherent counterparts. 92 Another study in the COPD review was a secondary analysis of a randomised controlled trial that monitored adherence to inhaled corticosteroid therapy and placebo using MEMs, with adherers having a 12% lower rate of hospitalisation annually in comparison to non-adherers. 93 A review of non-adherence to antidepressants, 89 reported on 3 studies that assessed the association between antidepressant non-adherence and hospitalisation, 2 of which were not specific to adults aged ≥50 years. 94, 95 Duloxetine adherence was associated with a reduced hospitalisation risk of 14% in comparison to non-adherence. 94 The second study did not show a significant difference in the average number of hospital visits between adherent and non-adherent patients initiated on antidepressants. 95 However, the follow-up period for outcome measurement was relatively short (6 months) after antidepressant initiation. 95 A review of the economic impact of antipsychotic medication non-adherence found that reduced hospitalisation rates in adherent patients were the main driver of overall reduced psychiatric care costs in 3 of the 8 studies reviewed. 91 However, unlike the studies included in this current review, treatment persistence was measured. The meta-analysis for the association between medication non-adherence and diseasespecific hospitalisations did not reach statistical significance, mainly driven by a non-significant result for osteoporosis-specific hospitalisations in 1 large study. 27 However, this may have been due to discharge coding errors as only primary or secondary ICD-9 diagnosis codes for inpatient admissions were counted as an osteoporosisrelated hospitalisation.
Alternatively, the lack of statistical significance observed with the disease-specific meta-analysis estimate may indicate the presence of healthy adherer bias in the all-cause hospitalisation result. The healthy adherer phenomenon occurs when people who are adherent to their medications are healthier overall and exhibit health seeking behaviours such as being physically active, participating in preventative screening services and not smoking. 96 A previous meta-analysis found that good adherence to pharmacological therapy for a variety of diseases, was associated with a 44% reduced mortality risk in comparison to poor adherence. 97 However, the authors highlighted the positive association between good placebo adherence and lower mortality risk, highlighting the healthy adherer hypothesis. Studies may be subject to unmeasured confounding bias from this healthy adherer effect, due to lack of information in administrative databases, such as smoking status, body mass index etc. 97 It has previously been suggested that use of a new user study design would assist in reducing this confounding, along with adjustment for adherence to medications unrelated to clinical outcome. 96 While the majority of included studies in this review had a new user design, the time period for determining prior medication use varied from 3 months in 1 study, 59 to many years in others. 32, 65, 84 Few were able to adjust for indicators of healthy adherer bias (smoking status, vaccine receipt, exercise) 30, 31, 41, 60, 69 or conduct sensitivity analyses to estimate the potential effect of unmeasured confounding on effect estimates. 33, 65 Future cohort studies should record and adjust for lifestyle behaviours or participation in health screening services when analysing the relationship between medication (non-)adherence and health outcomes. Negative control analysis, using outcomes unrelated to therapeutic endpoints such as car accidents, may also strengthen robustness of observational adherence studies.
Medication non-adherence had no significant association with the likelihood of experiencing an ED visit in the meta-analysis. The association between non-adherence and ED visits is not clear in the literature. In fact, a recent Korean study found that after 2 years of being adherent, high-grade COPD patients had an increased likelihood of having ED visits in comparison to non-adherent patients. 98 This is in contrast to the significant association the authors found between adherence and lower intensive care unit use and healthcare costs within the same population. 98 Given the acute nature of ED visits, there is evidence that a wide range of clinical, psychological and social factors are associated with ED visits in adults, 99 and studies assessing adherence need to adjust for a range of confounding variables. These confounders can also be time-varying, and only 1 of the studies included in our ED meta-analysis ( Figure 3 ) separated the time period for outcome measurement from the exposure assessment period. 27 Healthcare utilisation has been reported to be a predictor of medication non-adherence as well as an outcome, due to regimen complexity increasing following service use. 100, 101 In cross-sectional analyses, contamination bias may be present 102 ; therefore, adherence should be measured in the period preceding outcome measurement when determining the influence of (non-)adherence on healthcare utilisation.
A significantly increased mortality risk was associated with medication non-adherence (<80%) and low adherence, respectively. However, there was significant statistical heterogeneity observed across the pooled studies for the dichotomous adherence exposure, possibly due to the variety of medication classes included. Data obtained from Liao et al. indicated that only 8% of ACEI/ARBs users were determined to be adherent (n = 410), 75 whereas 80% of all participants aged ≥50 years were considered adherent to endocrine therapy, 79 with 47% of participants considered adherent to osteoporotic therapy. 38 In addition, 3 studies included results for participants aged 50-64 years, 38, 75, 79 while the other the other studies were specific to those aged ≥65 years. 49, 80 In a previous meta-analysis, poor adherence to any cardiovascular medication resulted in a 38% increased risk of death in comparison to good adherence. 103 This review was not age-specific, allowing for a greater number of studies to be included in the meta-analysis (n = 23). In addition, the meta-analysis was based on pooled unadjusted risk ratio estimates, while the current metaanalyses included adjusted HRs. As cause of death was not available for the observational studies included in the meta-analyses, caution should be exercised in interpreting a causal relationship between adherence and mortality.
Most studies of adherence to oral bisphosphonates included in this review showed a significant association between poor adherence and non-vertebral fracture risk, which was established in a previous review. 104 Only 1 of the included studies focussing on adherence to osteoporosis therapies adjusted for adherence to calcium and vitamin D supplementation, 33 while all participants in another received such supplementation as part of randomised controlled trial protocols. 43 In most countries, calcium and vitamin D preparations are available over the counter and, as such, are not recorded in pharmacoepidemiological databases, resulting in possible residual confounding. High non-adherence and discontinuation rates with oral bisphosphonates treatment have been frequently highlighted in the literature. [104] [105] [106] As such, alternative treatment options, such as the 6-monthly denosumab injection, might be considered the preferred choice in osteoporosis treatment for patients who have low adherence levels. 106 Consistent with previous reviews, we found no clear association between non-adherence and QoL. 107, 108 In a review specific to COPD medications, 107 only 1 of the included studies measured the impact of adherence to nebulizers over a 4-week period, finding that adherence was negatively correlated with disease-specific HRQoL, measured at the end of the study. 109 The relationship between adherence and QoL can be influenced by many factors such as disease severity, cognitive functioning and the patient's understanding of their medication regimen. 107 
| Strengths and limitations
This is the first systematic review and meta-analysis to focus on the association between medication (non-)adherence and health outcomes in middle-and older-aged adults. We searched a large range of databases, hand searched reference lists and attempted additional contact with authors to ensure inclusion of all relevant papers. We also allowed for inclusion of author-provided, unpublished, age-stratified estimates to undertake meta-analysis.
A further strength of this review, unlike previous research, was that it was not disease specific. A range of medication classes and medical conditions were included, as multimorbidity is common in this cohort. Beneficial health outcomes accrued as being adherent to 1 therapeutic medication class may not be disease-specific, particularly in multimorbidity. An overall estimation of the association between medication non-adherence and generic healthcare utilisation may be more appropriate for patients on complex medication regimens and generalisable to older populations.
There are some limitations to this systematic review and metaanalysis. Firstly, conference abstracts and unpublished grey literature
were not included and, as such, the review may be subject to some publication bias. However, this bias is expected to be low since a large amount of published literature on medication adherence is available.
Secondly, we only included studies that were specific to middleand older-aged people (≥50 years) as published in the article text or if the author was contacted and responded with the required age-specific data. The main focus of the review was medication-taking behaviours in middle-and older-aged populations as they migrate through the ageing process, and the association with subsequent health outcomes. As there is no standardised age cut-off for older people in the literature, we aimed to be as inclusive as possible of studies that mainly included older populations thus, an age cut-off of ≥50 years was designated. We did not contact study authors where the median/mean age of the population was <50 years or the age range of the study population specified <65 years only (e.g. 18-64 years).
Further, over half the authors emailed did not respond or were not available at the email addresses listed. Therefore, we may have omitted relevant data from the meta-analyses.
Thirdly, adherence measurements employed using methods such as serum concentrations/viral loads, diary accounts or self-reported methods that had not been validated were excluded. Serum concentrations may not accurately reflect medicine-taking behaviour and may be subject to pharmacodynamic variability, particularly in elderly people. 113 Patient diaries are not always reliable 113 and asking a single question may not be specific enough to capture non-adherence.
Therefore, we included adherence measurement methods that we knew to be reliable and valid for use in this cohort.
In addition, we wished to estimate the clinical burden of medication non-adherence using real-world data, where patients are not receiving interventional adherence support. As such, this systematic review included mainly observational studies, which are not subject to the same randomisation processes as interventional trials. Therefore, residual confounding is likely to be present. Some included studies addressed the potential influence that such unmeasured confounding may have had on estimates by conducting sensitivity analyses. As with all research, healthy volunteer bias may be present in some studies. In addition, there is variation in the covariates controlled for within individual studies included in the qualitative synthesis. However, studies included in meta-analyses controlled for important demographic, clinical and medication regimen variables.
Finally, studies that focussed only on medication discontinuation or persistence were not included in the review. Discontinuation of a medication may be appropriate in certain clinical situations. However, this can be difficult to determine in administrative database studies largely due to a lack of clinical information. Future research should assess the impact of medication discontinuation, where not clinically indicated, on health outcomes.
| Implications
This review has provided a comprehensive and systematic assessment of the evidence on the association between medication non-adherence and adverse health outcomes in older populations. It has highlighted the critical need for further research in this area. Despite a relatively large evidence base, meta-analysis was only feasible for 3 of the specified health outcomes and included only a small number of studies. A recent review on the economic burden of medication non-adherence cited the wide variability in adherence measurement and study methodologies as a barrier to meta-analysis. 114 This is evident in the current review. More concerted action is needed to establish and standardise methods of measuring adherence in older patients with multimorbidity, which are comparable across studies. There is an urgent need for the development of innovative approaches to both detect and monitor medication non-adherence in community-dwelling older people with multimorbidity. 115 Study methodologies also need to be strengthened and adjust for different exposure periods, allowing for sufficient follow-up to establish association with health outcomes.
Further evaluation of the effectiveness of adherence-enhancing interventions, such as pharmacist-led medication review on minimising preventable healthcare utilisation should be explored. 116 
| CONCLUSION
Medication non-adherence may be significantly associated with allcause hospitalisation and mortality in older people. Hospitalisation in older people is a major driver of high medical costs, 102 and medication adherence should be monitored and non-adherence addressed in this cohort to help minimise hospitalisation, improve clinical outcomes and reduce healthcare costs.
